For individuals living with HIV, disclosure of HIV status to their partners can be a source of psychological and emotional stress. Minimal information about serostatus disclosure is available for young men who have sex with men (YMSM). This study examined the disclosure of HIV status to social and sexual partners among YMSM using social and sexual network data. Respondent-driven sampling was used to collect data from YMSM aged 16-29 in Houston, Texas and Chicago, Illinois. Social network data from 746 respondents and 2035 social and/or sexual partners were collected from 2014 to 2016, of whom 27.9% were HIV seropositive, with 9.4% of their partners being both sexually and socially connected to respondents (overlapping network status), and 90.6% either sexually or socially connected. Generalized estimating equation analysis was conducted based on respondents' knowledge of their sexual partners' HIV status. Results showed that respondents with overlapping sexual and social relationships with their partners were less likely to not know their partners' HIV status (AOR = 0.26 95% CI: 0.18-0.40). Results highlight the association between overlapping partnership and knowledge of partner's HIV status among YMSM. These findings are useful when selecting potential network members to disclose HIV status and support YMSM's health and well-being.
Introduction
Disclosing one's HIV status concerns not only the person living with HIV but also involves partners to whom the information may be disclosed in the sexual decisionmaking process. Besides other factors that facilitate HIV disclosure, it is important to consider the relationship between the person living with HIV and those to whom they may disclose their status to achieve a successful HIV disclosure. Since social and sexual networks often overlap with each other among men who have sex with men (MSM) (Bohl, Raymond, Arnold, & McFarland, 2009) , it is necessary to consider this overlapped network context of social and sexual relationships in relation to knowledge/perception of partners' HIV status.
Social network perspective addresses the issue of how individuals, organizations, or groups interact with others within the network to which they belong. Social network perspective suggests that three main factors determine individuals' health or other behavioral outcomes: 1) network environment, 2) position in network, and 3) structural and network properties (Valente, 2015) .
In the research among MSM, social network perspective was used to examine HIV disclosure in terms of both patients' demographic characteristics and their relationships with partners, families, and friends. It has been reported that the rates of disclosure to different members of the social network differ among HIV-positive Latino gay men. (Zea, Reisen, Poppen, Echeverry, & Bianchi, 2004) . More specifically, whether the disclosure targets' awareness of an individuals' sexual orientation was associated with patients' disclosure to mothers, fathers, and close friends (Zea et al., 2004) . Among AfricanAmerican HIV-positive MSM, those who were younger and had a higher level of education were more likely to disclose their positive HIV status. In addition, they tended to disclose to older and HIV-positive individuals (Latkin et al., 2012) . In a study focusing on disclosure to family members of youth living with HIV, aged 12-24, there was no association between family knowledge of their HIV status and their social support, or family socioeconomic status (Lee, Yamazaki, Harris, Harper, & Ellen, 2015) .
Although the aforementioned studies provide a foundation for our current research, one limitation is that each study involved only a specific race/ethnicity. Thus, it is necessary to evaluate disclosure status across different racial/ethnic groups in order to identify the effect of race/ethnicity on HIV disclosure. One study provided addressed racial/ethnic diversity among young MSM (YMSM) by providing descriptive data in Chicago; however, they are limited in reporting HIV disclosure (Birkett, Kuhns, Latkin, Muth, & Mustanski, 2015) .
To address the knowledge gap described above, we used the dataset collected by the "YMAP: Young Men's Affiliation Project of HIV risk and prevention venue". As the YMAP survey asks respondents whether they know their network members' HIV status, there is a possibility that the respondent's knowledge of the HIV status of his social or sexual network members may not be due to client level disclosure but could have originated from other network members.
Our study relied on the social network perspective and focused on network concepts of homophily and overlapping ties (multiplexity) between the respondents and their network members to examine their impact of homophily and overlapping ties on acquiring knowledge of partners' HIV status.
Homophily refers to the principle that contact is more likely to occur among similar, rather than dissimilar, individuals (McPherson, Smith-Lovin, & Cook, 2001) . "Overlapping relationships" means that individuals are connected through more than one type of relationship. Overlapping relationships may, in turn, foster greater behavioral similarity (Krohn, 1986; Krohn, Massey, & Zielinski, 1988) .
The objective of this study was to examine the relative importance of network factors, i.e., homophily in terms of demographic and other characteristics, and overlapping relationships in determining HIV disclosure among HIV-positive YMSM in Chicago and Houston. In addition, we analyzed data from HIV-positive YMSM in Chicago and Houston in preparation for presenting descriptive information about sexual networks.
Our hypotheses were as follows: H1) the greater the homophily/similarity between HIV patients and disclosure targets with respect to race and age, the greater the likelihood that targets will be informed of their partner's HIV status; and H2) the rate of disclosure will be higher in overlapping sexual and social relationships than in non-overlapping ones, which implies that overlapping moderates the effect of homophily in H1 (Figure 1 ).
Methods

Study design and setting
The YMAP is a prospective cohort study from 2014 to 2017 that evaluates risk and protective behaviors regarding HIV and sexually transmitted infections (STIs), and venue-based affiliation, social, and sexual networks of YMSM in both Chicago, IL and Houston, TX. This study used cross-sectional data collected from December 2014 to June 2016. Recruitment of respondents and data collection took place at the University of Chicago, Ann & Robert H. Lurie Children's Hospital of Chicago, and the University of Texas Health Science Center at Houston. These three sites that participated in YMAP received approval from their respective institutional review boards.
Study participants and data collection
The criteria for selecting the respondents in this study were being MSM, between the ages of 16 and 29 years, and residing in Chicago or Houston. MSM was defined as a person: 1) assigned male sex at birth and self-identifying as male, and 2) reporting oral or anal sex with another male within the past year. The YMAP sample was drawn using the respondent-driven sampling (RDS) method (Heckathorn, 2011) . Initial "seeds" were identified, recruited and enrolled via representatives at healthcare and other venues frequented by YMSM, such as clinics, and communitybased organizations or social venues, such as bars and sports groups. Seeds could only refer up to four sprouts and were provided $20 for each sprout respondent. We collected biological data such as HIV status via standard HIV testing protocols at each site and employed computer-based personal interviewing using Qualtrics (Qualtrics LLC, Provo, Utah). A more detailed description of data collection procedures and survey items are available elsewhere (Fujimoto, Cao, Kuhns, Li, & Schneider, 2018; Fujimoto, Flash, Kuhns, Kim, & Schneider, 2018) . 
Measures
Dependent variable: knowledge of partner's HIV status Network members were identified by respondents listing the names of individuals they considered to be a part of their close social network. Subsequently, respondents were asked to list sexual partners over the last 6 months. Lastly, respondents checked whether the names they listed appeared in both lists. If the name was duplicated, this individual was recognized as a duplicate network member: that is, a socially and sexually connected member.
We assessed respondents' HIV status using a sitespecific algorithm that detailed in elsewhere (Fujimoto, Flash, et al., 2018) . Those with reactive samples were confirmed by using HIV-1/HIV-2 multispot differentiation and HIV RNA (viral load) tests, then referred to a clinic for care. To assess respondents' knowledge of network members' HIV status, we asked the question, "Is/Was your network member HIV-positive or negative?" Respondents chose one of the following answers: positive, negative, or unknown.
Independent variable: network measures
In order to collect social network data, social ties were identified by having respondents nominate up to five individuals with whom they shared personal information. Sexual ties were determined by asking respondents to nominate up to five individuals with whom they had anal, oral, or vaginal sex within the past 6 months.
Control variables
Respondents' age was assessed by date of birth, and the respondents provided information on network members' ages. Race and ethnicity were evaluated by: 1) answering whether or not they were "Hispanic," and 2) selecting among "Black/African American," "White/Caucasian," "American Indian or Alaskan Native," "Asian or Pacific Islander," or "Other."
Data analysis
Respondents' demographics A Chi-square test was used to assess the relationship between the baseline characteristics (age, gender, race/ ethnicity, sexual orientation, and HIV status) of the respondents and those of their social network members.
Regression analysis
The unit of analysis for this study was the dyad (the pair of the respondent and each of his network members/ partners). Homophily by age was evaluated using the value of age difference between a respondent and his network member. Race/ethnicity was assessed using a dichotomous scale (1 = same race/ethnicity, 0 = discordant race/ethnicity). Moreover, dyadic overlap was assessed using a dichotomous scale (1 = social and sexual network overlap, 0 = no overlap.)
These respondent-partner dyadic data were treated as correlated binary data clustered on the respondent. To account for clustering, a generalized estimating equation (Zeger & Liang, 1986 ) with a logit link function and an exchangeable correlation structure were specified to estimate the odds of knowing the sexual partner's HIV status as a function of the factors/covariates in the model. We specified the following three models to examine the factors of knowledge of partner's HIV status: Model A: Knowing partner's HIV status is positive vs. other; Model B: Knowing partner's HIV status is negative vs. other; and Model C: Not knowing partner's HIV status vs. other.
Our regression analysis generated parameter estimates both with and without RDS-adjustment. For the RDS-adjustment, we computed Voltz-Heckahorn estimator (RDS-II) that approximates the inclusion probability as being inversely proportional to the personal network size (Volz, 2008) . We reported RDS-unadjusted results as little is known about the statistical properties of RDS-adjustment in the multilevel analysis (Volz, 2008) . We also provided RDS-adjusted results as online supplemental material.
All statistical analyses were conducted using STATA version 14 (StataCorp LP, College Station, TX). Initially, 4,407 social and sexual network contacts were identified. However, respondents were not asked about the HIV status of all individuals included in their social network. Therefore, social network members were excluded from this analysis. |||Ultimately, 2,035 sexual partners were analyzed. The majority of partners were male (81.6% [Chicago] , and 59.1% [Houston] ). However, in Houston, respondents either did not know or refused to provide gender information for 39.4% of the partners. There was a significant difference between the two cities in terms of relationship type. In Chicago and Houston, 11.9% and 30.0% of partners, respectively, had socially and sexually overlapping relationships with respondents.
Relationship categories between respondents and partners
Respondents were asked about their relationships with each partner, as shown in Table 3 .
The three most common categories of sexual network partnership were non-romantic sex partner (23.0%), friend (20.7%), and acquaintance (18.1%). The top three categories for overlapping network partners were close friend (24.5%), friend (19.1%), and roommate/ housemate (13.3%). The mean number of years since the respondents met their partner(s) was 2.6 (SD = 2.3, range 0.5-21.8).
Factors predicting HIV perception
Results of the generalized estimating equation analyses are reported in Table 4. HIV knowledge was significantly associated with the respondent's HIV status and overlapped network status between the respondent and his partners in all three models.
In Model A (knowing that the partner's HIV status was positive vs. other), bisexual respondents were less likely to know that their partner was HIV positive (AOR = 0.36; p < 0.01; 95% CI: 0.22-0.61), and HIV positive respondents were more likely to know that their partner was HIV positive (AOR = 3.21; p < 0.01; 95% CI: 2.25-4.59). Respondents who inconsistently used condoms were more likely to know that their partner was HIV positive (AOR = 1.65; p < 0.05; 95% CI: 1.11- In Model B (knowing that the partner's HIV status was negative vs. other), older respondents were less likely to know that their partner's HIV status was negative (AOR = 0.95; p < 0.05; 95% CI: 0.91-0.998). Respondents with a history of housing instability were less likely to know that their partner's HIV status was negative (AOR = 0.56; p < 0.02; 95% CI: 0.41-0.77), as were HIV positive respondents (AOR = 0.36; p < 0.01; 95% CI: 0.27-0.49), respondents living in Houston (AOR = 0.53; p < 0.01; 95% CI: 0.40-0.71), and respondents who inconsistently used condom (AOR = 0.67; p < 0.05; 95% CI: 0.49-0.92). Compared to White partners, respondents were less likely to know that their African American partners' HIV status was negative (AOR = 0.50; p = 0.01; 95% CI: 0.30-0.85).
In Model C (not knowing the partner's HIV status vs. other), respondents with a history of housing instability (AOR = 1.84; p < 0.01; 95% CI: 1.25-2.71) and those living in Houston (AOR = 2.96; p < 0.01; 95% CI: 2.07-4.23), as well as HIV positive respondents (AOR = 1.57; p < 0.05; 95% CI: 1.07-2.29), were more likely to not know their partner's HIV status. However, respondents with a partner connected both socially and sexually were less likely to not know their partner's HIV status (AOR = 0.26; p < 0.01; 95% CI: 0.18-0.40).
In all three models, the age difference and racial/ethnic match between respondents and their partners were not statistically significant factors.
These results indicate the need for additional supplemental analyses to examine whether including the relationship length between respondents and partners would be a significant predictor. We conducted the additional analyses (reported in the supplemental materials), and our results indicated that the relationship length was excluded from the subset of covariates.
Discussion
This study examined the social networks of YMSM in Chicago and Houston in relation to the knowledge of their partner's HIV status, and found that overlapping sexual and social relationships increased the likelihood of knowing a partners' HIV status. Although we predicted that age differences and racial/ethnic matches between respondents and partners would have a significant association with knowing a partner's HIV statuses, our data did not support this hypothesis.
Our results are consistent with previous studies. For example, among Peruvian MSM and transgender women, longer and more stable relationships were positively associated with knowledge of a partner's serostatus (Nagaraj et al., 2013) . In other words, shorter and less stable relationships, such as a casual partnership, are predictive of a diminished likelihood of knowing a partner's HIV serostatus. Therefore, future prevention research could focus on interventions that promote disclosing accurate HIV serostatuses within even casual relationships too, in order to help facilitate safer sexual practices (Serovich, Reed, Grafsky, & Andrist, 2009) . Additionally, it is important to intervene among social partners, as the enabling effects of social network members may encourage risky behaviors (Schneider et al., 2013) . Since a socially and sexually overlapping network increases the degree of contact between respondents and partners, it is reasonable that this overlapping network enhances the likelihood of knowing the partners' HIV status. However, as we mentioned in the results and supplemental materials, the factor of net status was not associated with relationship duration. This does not necessarily imply a short time relationship with a sex partner. Thus, we concluded that relationship type does not predict the relationship duration.
This study also demonstrated that respondents with a history of housing instability were less likely to know their partners' serostatus. This could be related to data suggesting that homeless people experience higher levels of HIV-related stigma (Wolitski, Pals, Kidder, Courtenay-Quirk, & Holtgrave, 2009 ). Thus, respondents with a history of housing instability may not have disclosed their own status; therefore, they were less likely to know their partners' HIV status.
The association between knowledge of partner's HIV status and the relationship between respondents and their partners was confirmed in this study. Several previous studies reported knowledge of HIV status among social or sexual network members. A study indicated that a high level of trust with sex partners was a risk factor for incorrect knowledge of the sex partner's HIV status (Fujimoto, Williams, & Ross, 2015) . Even young Latino and Black men, who state that they know their partner's HIV status, are frequently misinformed or tend to misunderstand their partner's serostatus (Marks et al., 2009 ). Moreover, it has been reported that individuals rely on the nature of their relationship with a sexual partner when assessing STI/HIV status (Masaro, Dahinten, Johnson, Ogilvie, & Patrick, 2008) . The extent to which these misperceptions occur and influence behavior likely differ when a partner is presumed to be uninfected rather than infected. Therefore, future interventions regarding HIV serostatus disclosure require full disclosure of one's HIV status to help partners understand his/her correct status.
Our study has some limitations. First, the respondents were not asked about the HIV status of their social network partners, and the questions only focused on their sex partners. Therefore, it was difficult to elucidate how much the social or sexual network could impact the knowledge of HIV status of partners. Second, this study did not assess how partners' HIV status was identified. Hence, it is possible that this knowledge might not be related to the partners themselves only, but also to other network members. If the questionnaires had asked respondents about their source of information, it could have been possible to recommend interventions to promote serostatus disclosure depending on the source. For example, if the majority of notifications of HIV status were indirect, it could be effective to encourage individuals newly infected with HIV to disclose their serostatus through health care providers, social workers, or counselors. Third, gender and HIV serostatus homophily were not assessed in this study, as partners were mostly male, and partners' HIV serostatus was not objectively assessed. Finally, although YMAP is longitudinal network study, this study used cross-sectional data. Thus, it is possible to identify the association between each factor and knowledge of partners' HIV status. However, it is impossible to establish causality between these factors, as the temporal order of cause and effect were not assessed (Porta, 2008) .
Disclosing HIV status to more social network members is associated with retention in HIV care (Wohl et al., 2011) . Therefore, our findings are useful when individuals with HIV choose potential network members to offer health-related support.
